Subunit interactions involved in the assembly of pyridine nucleotide transhydrogenase in the membranes of Escherichia coli.
The pyridine nucleotide transhydrogenase (PNT) of Escherichia coli consists of two different subunits (alpha and beta) and assembles as a tetramer (alpha 2 beta 2) in the inner membrane. The pnt genes from E. coli have been cloned on a multicopy plasmid resulting in high level expression of the enzyme activity. We have studied the influence of the different segments of the polypeptide chains of the alpha and beta subunits on the assembly and function of the enzyme by constructing a series of deletion mutants for both of the subunits. Our results show that the assembly of the beta subunit is contingent upon the insertion of the alpha subunit into the membrane, while the alpha subunit can assemble independently of the beta subunit. All deletions constructed for the cytosolic portion of the alpha subunit gave no incorporation of the alpha subunit and, as a consequence, of the beta subunit, also. Of the four membrane-spanning regions of the alpha subunit, the last two were indispensable, while the deletion of the first two still allowed the association of alpha as well as of the beta subunit with the membrane. However, the enzyme was not functional. The two subunits were also loosely associated as mild detergent treatment released them from the membrane in contrast with the wild-type enzyme. Deletions within the beta subunit had little effect on the assembly of the alpha subunit, although less was incorporated. All deletions involving the cytosolic portion of the beta subunit resulted in loss of incorporation into the membrane. Of the eight membrane-spanning regions of the beta subunit, the deletion of regions 2-3, 2-4, 2-6, and 2-7 yielded significant association of both the subunits with the membrane. However, none of these mutants assembled a functional enzyme, and again the two subunits were loosely associated with the membrane. Based on the stringent requirement of the cytosolic portions of alpha and beta subunits for assembly, a model is proposed that suggests interactions between these two regions must occur prior to assembly.